Debaryomyces hansenii was grown in YPD medium without or with 1.0 M NaCl or KCl. Respiration was higher with salt, but decreased if it was present during incubation. However, carbonylcyanide-3-chlorophenylhydrazone (CCCP) markedly increased respiration when salt was present during incubation. Salt also stimulated proton pumping that was partially inhibited by CCCP; this uncoupling of proton pumping may contribute to the increased respiratory rate. The ADP increase produced by CCCP in cells grown in NaCl was similar to that observed in cells incubated with or without salts. The alternative oxidase is not involved. Cells grown with salts showed increased levels of succinate and fumarate, and a decrease in isocitrate and malate. Undetectable levels of citrate and low-glutamate dehydrogenase activity were present only in NaCl cells. Both isocitrate dehydrogenase decreased, and isocitrate lyase and malate synthase increased. Glyoxylate did not increase, indicating an active metabolism of this intermediary. Higher phosphate levels were also found in the cells grown in salt. An activation of the glyoxylate cycle results from the salt stress, as well as an increased respiratory capacity, when cells are grown with salt, and a 'coupling' effect on respiration when incubated in the presence of salt.
Introduction
Debaryomyces hansenii, as compared with Saccharomyces cerevisiae, has long been known to grow in the presence of high concentrations of KCl or NaCl (Norkrans, 1966) . During growth with KCl or NaCl, it accumulates large concentrations of either K 1 or Na 1 (Norkrans & Kylin, 1969; Thomé-Ortiz et al., 1998) , which can be exchanged for K 1 . The reason for the adaptation of this yeast to high salt, mainly NaCl, concentrations does not appear to reside in either its capacity to extrude the cation or the characteristics of the transport systems, which are not very different from those of S. cerevisiae (González-Hernández et al., 2004) . Although some differences with S. cerevisiae have been reported (Prista et al., 1997) , it is known that D. hansenii grown in the presence of high salt concentrations increases glycerol production (Gustafsson & Norkrans, 1976; Adler et al., 1985) , as a consequence of the increased expression of the GPD1 gene (Thomé, 2004) , resulting in the increased activity of glycerol-phosphate dehydrogenase (André et al., 1991) .
This yeast, when grown in the presence of NaCl, shows higher fermentation and respiration rates (Thomé-Ortiz et al., 1998) , with some variations, depending on the strain used (González-Hernández et al., 2005) . Neves et al. (1997) found that high salt concentrations inhibited respiration and fermentation in cells grown in YPD medium. They also studied the effects of varying salt concentrations on glycolytic enzymes, expecting differences in salt sensitivity as an explanation to the fermentation rates of cells grown in the presence of high salt concentrations, with generally negative results. Debaryomyces hansenii shows a much lower fermentation rate than S. cerevisiae, and the limiting step of glycolysis seems to be the phosphofructokinase reaction (Sánchez et al., 2006) . However, no detailed studies have been performed to assess the effects of growing cells in the presence of high salt concentrations (NaCl or KCl) on the aerobic metabolic pathways of D. hansenii.
This yeast has become a model of osmotolerant organisms even from the biotechnological point of view in recent years (Breuer & Harms, 2006) , and more detailed studies are required on its general functions and its response to high salt concentrations both during incubation and growth. We present the results of an experimental approach, relative to aerobic metabolism, involving both the tricarboxylic acid (TCA) cycle and respiration, by growing the cells and/or incubating them in the absence or presence of either 1 M KCl or NaCl, to detect differences in several enzyme activities and metabolic intermediaries.
Materials and methods
Yeast strain, media and culture conditions Debaryomyces hansenii, strain Y7426 (US Department of Agriculture, Peoria, IL), kept on YPD plates (1% yeast extract, 1% Bacto peptone and 2% glucose, plus 2% Bacto agar), was grown in 100 mL liquid media at 30 1C for 24 h in YPD, with or without 1.0 M of either KCl or NaCl. It was then transferred to 0.4 L of the same medium and further grown for 42 h. Cells were collected and washed twice with water by centrifugation, suspended in water to a concentration of 0.5 g mL
À1
, and then kept on ice. For comparison, in some experiments, the commercial strain 'La Azteca' of S. cerevisiae was used. A loophole of cells was taken from the YPD plate and grown in 400 mL of YPD medium for 42 h at 30 1C. Cells were collected after washing and resuspended in the same way as D. hansenii (0.5 g mL À1 ).
Internal water content
After growth, cells were centrifuged and washed twice with water or 1.0 M KCl or NaCl by centrifugation and resuspended at a ratio of 0.5 g, wet weight, per milliliter in water or KCl or NaCl at the indicated concentration. The cells were incubated for 5 min on ice with 14 C-inulin (c. 150 000 c.p.m. and 2 mg mL À1 of cold inulin), centrifuged in a microfuge, and the radioactivity was measured in the supernatant. The dry weight of the cells was also measured by drying for 24 h at 90 1C. From these values, the internal volume was calculated, considering a density of 1.0 for the dry material. To avoid false results from degraded inulin, inulin was previously passed through a small column of Sephadex G-50. The internal water content is expressed as mg g À1 of the wet weight of the cells. We also performed experiments in which the cell suspension (1.0 g mL À1 ) was centrifuged at 1040 g for 15 min in Wintrobe tubes to determine the cellular packed volume as a percent of the total volume.
Enzyme analyses
Enzyme activities were measured in cell-free extracts obtained by grinding the cells (0.5 g mL À1 ) suspended in 10 mM sodium 3-[N-morpholino] propanesulfonic acid (MOPS-HCl, sodium salt, taken to pH 7.0 with HCl), containing a protease inhibitor cocktail (Roche), in a Braun mill with an equal volume of 0.45-mm glass beads. Four pulses of 20 s were applied, at 1-min intervals, while constantly flushing CO 2 through the chamber to keep it cold. After grinding, cell debris was centrifuged for 10 min at 1464 g in the SS34 rotor of a refrigerated Sorvall centrifuge and the supernatants were either used immediately or frozen and maintained at À 70 1C. The protein content of the extracts was measured by the Lowry method, as modified by Markwell et al. (1978) . Individual enzyme activities were measured under the following conditions:
Glutamate dehydrogenase: 10 mM MOPS-HCl, pH 7.0, 10 mM a-ketoglutarate, 0.1 mg NADH, 2.5 mM NH 4 Cl; wavelength, 340 nm.
Isocitrate dehydrogenase: 10 mM MOPS-HCl, pH 7.0, 10 mM D,L-Isocitrate, 0.7 mg NADP 1 or NAD 1 , 1.5 mM MnCl 2 ; wavelength, 340 nm.
Malate dehydrogenase: 20 mM HEPES-TEA, pH 7.4, 0.2 mM oxaloacetate-TEA, pH 7.4, 0.2 mM NADH; wavelength, 340 nm.
Succinate dehydrogenase: 20 mM HEPES-TEA, pH 7.4, 5 mM sodium succinate, pH 7.6, 0.1 mM NaCN, 0.275 mM phenazine methosulfate, 4.5 mM antimycin A, 0.08 mM dichloroindophenol; wavelength, 600 nm.
Isocitrate lyase: 25 mM Tris-HCl, pH 7.3, 2 mM D,L-isocitrate, 5 mM MgCl 2 , 0.83 mM 2,4-dinitrophenylhydrazine; wavelength, 450 nm.
Malate synthase: 100 mM TEA-HCl, pH 7.8, 0.15 mM phenazine methosulfate, 0.082 mM thiazolyl blue tetrazolium bromide, 0.01 mM MgCl 2 , 0.4 mM acetyl CoA, 0.5 mM NAD 1 , 0.1 mM sodium glyoxylate, malate dehydrogenase, 6 U; wavelength, 578 nm.
Activities were measured by standard methods, usually following the absorbance changes of NADH1H 1 or NADPH1H 1 or other electron acceptors at the indicated wavelengths, either with a continuous recording spectrophotometer or after incubating in a water bath, at 30 1C.
Extraction and determination of metabolites
Metabolites were extracted by adding 0.5 vol. of perchloric acid to the cell suspensions and keeping the tubes for 30 min on ice and centrifuging. The supernatants were neutralized with 10 M KOH, using a drop of a mixture of 0.05% neutral red and 0.05% methylene blue as a pH indicator (Merck Index, 1989) . After centrifuging the resulting KClO 4 , the supernatants were either used for enzymatic analyses to determine the concentration of metabolites or filtered through 0.22-mm Millex GP (Millipore) and used for the HPLC measurements. For this purpose, an Ultrasphere ODS C-18 column (Beckman-Coulter) and an HPLC system Gold with a Diode Array Detector (Beckman) were used. The mobile phase consisted of two solvents: 1% of acetonitrile in 20 mM phosphate buffer adjusted to pH 2.2 with phosphoric acid (solvent A) and acetonitrile (solvent B); the flow rate was set at 1.5 mL min À1 at room temperature according to Tormo & Izco (2004) . Some metabolites were measured by enzymatic methods as follows:
ADP: 30 mM TEA buffer pH 7.5, 65 mM NADH, 40 mg phosphoenolpyruvate, 20 mM MgCl 2 , 100 mM KCl, 60 U lactate dehydrogenase and 25 U pyruvate kinase; wavelength, 340 nm.
Malate: The enzyme-coupled colorimetric assay with malate dehydrogenase and phenazine methosulfate was used to shuttle electrons from the reduced NADH to thiazolyl blue tetrazolium bromide, detecting the formazan formed at 578 nm (modified from Carpenter & Merkler, 2003) .
Succinate was determined using a commercial kit (Megazyme International Ireland Ltd).
Phosphate was extracted with 10% trichloroacetic acid; the cells were centrifuged and determined by the method of Fiske & Subbarow (1925) .
Respiration
Oxygen consumption was measured with a Clark electrode and an adequate polarization and acquisition system with a computer was used. Individual conditions are indicated under each experiment. Cells (12.5 mg, wet weight) were incubated in a final volume of 5.0 mL, containing 20 mM MES-TEA (morpholinoethanesulfonic acid, taken to pH 6.0 with triethanolamine) and 20 mM glucose. Where indicated, 10 mM carbonylcyanide 3-chlorophenylhydrazone (CCCP) and/or 15 mM octylgallate were added.
Proton pumping
Proton pumping was measured by incubating the cells (150 mg) in an open glass chamber under continuous stirring at 30 1C. The medium contained 0.5 mM MES-TEA buffer, pH 6.0, 40 mM glucose, and either water or 1.0 M KCl or NaCl in a final volume of 10 mL. In some experiments, 1 M sorbitol was included instead of salt. Where indicated, after c. 200 s, 10 mM CCCP was added. The pH was followed by means of a pH meter connected to a computer. In all figures, the pH change after the addition of 1 mEq of HCl is shown. Although the actual pH readings of the instrument increased in the presence of salt before adding the cells, the response of the electrode to a known amount of HCl was similar with or without salt.
Results

Internal water content
Because our studies deal with the effects of high concentrations of salt, it was considered important to define how this affects the internal volume and, hence, the concentrations of metabolites, ions, and other components inside the cells. We measured the internal water content as a general indicator of the concentration it may reach inside the cell, independently from any compartmentalization ( Table 1 ). In cells grown in YPD, determination of the packed cell volumes revealed a significant reduction in cell volume, more or less proportional to the salt concentration and similar to either NaCl or KCl. The results with 14 C-inulin were consistent with those obtained by measuring the packed cell volume. When the cells were resuspended in water, they did not differ from those observed with the S. cerevisiae commercial strain (La Azteca). The internal water of the cells grown in the presence of either 1.0 M NaCl or KCl and resuspended in water was not different from those grown in YPD alone but, it decreased similarly when the cells were incubated in the presence of the high salt concentrations used (not shown). Figure 1 shows that, as reported before, the addition of 1.0 M KCl or NaCl to YPD during growth resulted in an increased respiratory rate (Thomé-Ortiz et al., 1998) , but also that in the absence of salt during growth and in the incubation medium, the cells responded poorly to CCCP, After growth, cells were centrifuged and washed twice and resuspended either in water or 1.0 M or 0.6 M KCl or NaCl by centrifugation and resuspended at a ratio of 0.5 g, wet weight per mL in water or KCl or NaCl at the indicated concentration. The cells were incubated for 5 min on ice with 14 C-inulin and centrifuged in a microfuge, and the radioactivity was measured in the supernatant. From the external volume resulting and the dry weight of the cells, the internal water volume was calculated. Results are the mean of three experiments, and are expressed as milliliter of internal water per gram of cells, wet weight. Results of the packaged volume of cells incubated in the same way and centrifuged in cytocrit tubes are also shown. Results are also included for the commercial strain of Saccharomyces cerevisiae La Azteca.
Respiration
whereas those grown in the presence of salt showed a better response. Figure 2 shows that, as reported by Neves et al. (1997) , the presence of NaCl or KCl (1.0 M) during incubation inhibited respiration, but although respiration was inhibited, a greater response to CCCP was observed, resulting in an increased maximal respiratory capacity, revealed as the highest respiration rate in the presence of both the salt and the uncoupler. À1 ] showed: (1) a higher respiration of the cells grown in the presence of KCl or NaCl, (2) both salts at the 1.0 M concentration inhibited respiration, (3) whereas CCCP in the absence of salt during incubation produced a small stimulation of respiration, in its presence, it produced a larger stimulation, as revealed by the numbers above the bars representing the respiratory rates after CCCP addition, as compared with those without the uncoupler, and (4) the maximal respiratory rate was reached when the cells were both grown and incubated in the presence of salt. An alternative oxidative pathway (AOX) has been described in D. hansenii (Veiga et al., 2003) ; hence, we decided to test the effects of 15 mM octylgallate as an inhibitor of the AOX (Fig. 4) . It was found that this inhibitor did not modify the uncoupled respiratory rate of cells grown under different conditions; however, it inhibited the maximum respiratory rate, resulting in a lower apparent coupling, determined as the ratio of respiration in the presence of CCCP to that in its absence.
It was also important to define whether the respiration changes were due or not to an osmotic effect of the salts. The presence of 1 M sorbitol also produced a slightly decreased respiration and an increased response to CCCP, as compared with the cells incubated in the absence of either salt (not shown).
Effects of uncouplers on proton pumping
It is well known that, in S. cerevisiae, uncouplers of oxidative phosphorylation in order to be effective as protonophores require much higher concentrations at the level of the plasma membrane than in the mitochondrial membrane (Peña et al., 1972 (Peña et al., , 1984 . It was considered important to define whether this is also the case for D. hansenii. Figure 5 reveals that the concentrations of the uncoupler used to stimulate respiration also inhibited proton pumping by the cells. It was also observed that: (1) proton pumping was slower in the cells incubated in the absence of salts and (2) the effect of the uncoupler was also smaller on this parameter, as compared with that observed in the cells incubated in the presence of salt. The results of incubation with NaCl are shown, but they were similar to those with KCl. The total pH change produced during 5 min in the cells grown in YPD was markedly higher in the cells incubated in the presence of salt and only slightly higher in the presence of sorbitol (not shown), but in all cases, with a similar decrease of the absolute value of this parameter by the addition of the uncoupler. It is to be noted that the capacity of D. hansenii to acidify the medium is about one fifth of that of S. cerevisiae (experiments not shown).
ADP being the main metabolite involved in the control of respiration, we investigated whether differences arise on the addition of the uncoupler to the cells under different conditions. The addition of CCCP to cells grown in 1.0 M NaCl and incubated in the absence or presence of NaCl or KCl produced an immediate increase of ADP levels (Fig. 6 ). Small differences were found among the different conditions; however, in all cases, they were insignificant because of data dispersion in spite of the number of repetitions of the experiment. Table 2 shows the levels of several intermediaries of the TCA cycle of cells grown in YPD medium in the absence or presence of 1.0 M KCl or NaCl; the levels of glutamate, an important metabolite connected to this cycle were also measured, and results with the commercial strain (La Azteca) are included for comparison. The cells grown in the presence of 1.0 M KCl or NaCl showed: (1) a higher level of succinate, (2) a decreased level of isocitrate, and (3) lower levels of malate. Besides, citrate could not be detected in the cells grown in the presence of NaCl. No changes in (2004) . Also interesting are the differences in the concentrations of succinate, glyoxylate, and glutamate of S. cerevisiae, higher than those of D. hansenii.
TCA cycle intermediaries
Enzyme activities of the TCA cycle
The activities of the enzymes of the TCA cycle were also studied and are shown in Table 3 . In view of the higher levels of succinate found in the cells grown in the presence of salt, the activities of the enzymes related to the glyoxylate cycle were determined as well. The main differences for the cells grown in the presence of salt were: (1) a very large decrease of both NADP 1 and NAD 1 isocitrate dehydrogenase activities; (2) the levels of the NADP 1 -dependent enzyme were higher than those of the NAD 1 enzyme; (3) an increase of isocitrate lyase and malate synthase, consistent with the higher levels of succinate observed; (4) a moderate increase of succinate dehydrogenase; (5) practically no change in the NAD 1 -dependent glutamate dehydrogenase activity in cells grown in the presence of 1.0 M KCl, but a clear decrease in those grown in NaCl; and (6) a very high activity of malate dehydrogenase in the D. hansenii extracts, as compared with S. cerevisiae, with no change under the influence of salt.
Phosphate levels
Cells grown in the presence of high salt concentrations accumulate large concentrations of either Na 
Discussion
The internal water volume did not show significant changes if D. hansenii was grown in the absence or presence of 1.0 M NaCl or KCl when the cells, after collection, were resuspended in water. However, the experiments in which the packed volume of cells was measured revealed a clear decrease of the pellet when the cells grown in the presence or absence of salt were suspended in 1.0 M KCl or NaCl. This was confirmed by measuring the distribution of 14 C-inulin to measure external water, indicating an efflux of water and a contraction of the internal volume. Because of this fact, disregarding any possible compartmentalization, such as that reported by Montiel & Ramos (2007) , the actual concentrations of metabolites during growth in 1.0 M NaCl or KCl are higher than those reported as nmol g À1 of cells. In addition, cells require the presence of the outside salts to .0, and 100 mM glucose in a final volume of 24 mL without (Na) or with 1.0 M NaCl (NaNa) or 1.0 M KCl (NaK). Samples were taken at 3, 4, 5, 5.5, 6, and 7 min and mixed with 0.5 vol of 70% perchloric acid. As indicated under Materials and methods, the cells were extracted and the supernatant was neutralized with KOH. After centrifugation of the KClO 4 , ADP was measured enzymatically in the supernatant. The same procedure was followed with the samples taken 5 min after the addition of 10 mM CCCP. Triangles, incubated without salt; squares, incubated with NaCl; circles, incubated with KCl. Solid lines represent the corresponding results for the cells to which CCCP was added after 5 min.
maintain the volume and internal salt concentration they had during growth in the presence of salt; the volume contraction appears to be due to the osmolarity of the medium. Although no experiments with 14 C-inulin in cells incubated in the presence of 1.0 M sorbitol were performed, it was observed that cells grown in YPD without salts showed a volume contraction similar to that observed with 1.0 M of either NaCl or KCl when the packed volume was measured by centrifugation (not shown). This yeast does not behave differently from S. cerevisiae, which also shows a volume contraction when incubated in hyperosmotic solutions (Ramos et al., 1990) . The studies on oxygen consumption confirmed that growing the cells in the presence of 1.0 M KCl or NaCl increases respiration as compared with that measured in the absence of salt (Thomé-Ortiz et al., 1998) , whereas the presence of either salt during incubation inhibits respiration (Neves et al., 1997) . However, our present results show that the inhibition of respiration by salt appears to be due to a 'coupling-like' effect that could be released by CCCP, i.e. in the presence of salt during incubation, respiration was inhibited, but the maximum respiratory rate attained with the uncoupler was higher than in the absence of salt. Thus, the lower respiration rate induced by the presence of salt does not seem to be due to the inhibition of the respiratory chain, because when CCCP was added, a higher respiratory rate was observed, indicating that, on the contrary, the presence of salt results in a higher maximal electron flow. It has also been shown before that when cells grown in the presence of salt are resuspended in water they show a fast efflux of the cation taken up during growth (Thomé-Ortiz et al., 1998) . When these cells are incubated in the presence of salt, this efflux may not occur, and the effects observed may be due to the maintenance of the high ionic content within the cell accumulated during growth, added to the volume contraction produced by the osmolarity of the medium, although with a different yeast and conditions, it has been shown that K 1 and Na 1 stimulate respiration of mitochondria from S. cerevisiae (Uribe et al., 1991) . The higher respiratory capacity observed when the cells were incubated in the presence of either salt and CCCP indicates a more direct effect on mitochondrial functions, but mainly on the respiratory chain, which reaches its maximum capacity when uncoupled from phosphorylation by CCCP. Studies in that respect by another group of our Institute are currently being performed to define the possible changes in respiration and oxidative phosphorylation of mitochondria isolated from D. hansenii with salts. Under certain conditions, they have found that the presence of K 1 or Na 1 favors the establishment of the membrane potential. It remains to be seen whether the presence of salt in mitochondria isolated from this yeast has a stimulating effect on uncoupled respiration. Although coupling by the presence of salt was observed in cells grown under all conditions, the maximum respiratory rate (stimulated by CCCP in the presence of salt) and coupling (respiration ratio with/without CCCP) were higher in cells grown and incubated in the presence of salt. Debaryomyces hansenii cells were grown in either YPD in the absence (Dh YPD) or presence of either 1.0 M KCl (Dh K) or 1.0 M NaCl (Dh Na).
Results of a similar experiment of La Azteca commercial strain (Saccharomyces cerevisiae) grown in YPD are included for comparison. After growth, cells were collected by centrifugation, washed once and resuspended in the medium, as indicated under Materials and methods, and the procedure therein indicated was followed to prepare the cellfree extracts. Results are given in nmoles of product (min mg protein) À1 AE SD; n = 3, except for GDH (n = 4). IDH, isocitrate dehydrogenase; ICL, isocitrate lyase; MDH, malate dehydrogenase; SDH, succinate dehydrogenase; MS, malate synthase; GDH, glutamate dehydrogenase (NAD 1 dependent). Debaryomyces hansenii cells were grown in YPD either in the absence (Dh YPD) or presence of 1.0 M KCl (Dh K) or NaCl (Dh Na). After growth, cells were collected by centrifugation, washed once and resuspended in water, and extracted with 0.5 vol of 70% perchloric acid and centrifuged. The supernatant was neutralized with KOH; the neutralized supernatant was separated by centrifugation from the KClO 4 precipitate, and used for the measurements using HPLC or enzymatic Ã methods (see Materials and methods). Results shown in bold type indicate the most significant changes observed. Results of a similar experiment of Saccharomyces cerevisiae (Azteca) commercial strain are included for comparison.
Because the effects of CCCP could be reproduced in the presence of octylgallate, which inhibits the alternative oxidase, the increase of respiration by the uncoupler involves the main respiratory chain, and not the alternative oxidase. It was also explored whether the changes in respiration produced by CCCP might be related to the proton pumping at the level of the plasma membrane that has been shown to exist in D. hansenii (Thomé-Ortiz et al., 1998) . This proton pumping can be stimulated by the presence of K 1 at moderate concentrations (10 mM), and the stimulation results in an increased level of ADP within the cells (Thomé-Ortiz et al., 1998) . According to this, one would expect only the presence of salt to stimulate respiration, because of the increased ADP concentration within the cells; however, this was not the case but, on the contrary, the presence of either NaCl or KCl in the incubation medium produced a small stimulation of proton pumping and respiration was not stimulated, but inhibited.
It must also be considered that the stimulation of respiration by CCCP might be due to the uncoupling of proton pumping by the cells at the level of the plasma membrane at the concentrations of the uncoupler used. It is known that, in S. cerevisiae, much higher concentrations of uncouplers are required to uncouple proton pumping at the level of the plasma membrane than in the mitochondria (Peña et al., 1972 (Peña et al., , 1984 . Our results show that in D. hansenii, the concentrations of CCCP that stimulate respiration are similar to those that inhibit proton pumping at the level of the plasma membrane. However, the decrease of proton pumping observed with CCCP was smaller in the presence of salt than in its absence, or when the cells were incubated in the presence of 1.0 M sorbitol, indicating that a greater effect of CCCP on the proton pumping by the cells is not responsible for the higher respiratory rate observed.
The results of adding CCCP on the levels of ADP showed that, in fact, the nucleotide increased, but not differently, if the cells were incubated in the presence or absence of salt (Fig. 6) . This was to be expected from the decreased ATP synthesis at the mitochondrial level, but also from the uncoupling of the H 1 -ATPase of the plasma membrane; however, ADP changes under the three different conditions were similar, and, hence, do not seem to be the cause of the higher respiration observed when the cells, grown in the presence or absence of salt, were incubated in the presence of salt.
The effects on respiration do not appear to be due to the osmolarity of the medium; sorbitol did not produce any inhibition of respiration, and CCCP produced only a slightly higher stimulation under these conditions than in the absence of the sugar (not shown), and not to the same degree of either NaCl or KCl. This indicates that it is the presence of salt itself, rather than the osmolarity, which produced the inhibition of respiration. Although the presence of sorbitol increased the response to CCCP somewhat, this was not to the same extent as obtained with either NaCl or KCl. Besides, the experiments not shown on proton pumping with sorbitol revealed that the effects of CCCP in the presence of this sugar were similar to those in water; hence, it seems that osmolarity by itself has neither an effect on proton pumping nor on basal respiration, and that, in any case, the small effects observed may be due to the volume contraction of the cells and the resulting increased concentration of solutes.
Although some of our experiments would appear to be simply repeating those of other authors (Neves et al., 1997; Thomé-Ortiz et al., 1998) , these results highlight the convenience of using uncouplers to measure the respiratory capacity of whatever cells are used in the experiments. At least two reasons exist for this: even though cells are always using ATP for their multiple functions, the rate of synthesis of this metabolite is usually in excess of the amount required, and some degree of coupling exists, due to limiting concentrations of ADP for oxidative phosphorylation, and it is important to consider that glycolysis, although lower in D. hansenii than in S. cerevisiae, is also operating and competing for ADP with oxidative phosphorylation (Sánchez et al., 2006) . Thus, the way to estimate the respiratory capacity is by releasing mitochondrial respiration from its control by ADP by adding an uncoupler.
The results with octylgallate appear to be logical; the effect of this inhibitor does not involve what in whole cells can be considered as the more or less 'coupled' respiration (Sánchez et al., 2006) . Octylgallate did not inhibit basal respiration that was not maximal, but could inhibit it when released by the presence of CCCP. This explains why the respiration ratio with/without CCCP was lower in the presence of octylgallate. The latter ratio does not really provide a strict value of coupling or respiration in whole cells, as in isolated mitochondria, but of their steady-state respiration under conditions in which there is an expenditure of ATP in the cellular functions, and there is some contribution by glycolysis to ATP synthesis. However, the addition of CCCP does provide at least the information on the maximum respiratory capacity of cells.
Influence of salts on the aerobic operation of the TCA cycle Some metabolites showed insignificant concentration differences; however, one important finding was the higher concentration of succinate found in cells grown in the presence of 1.0 M KCl or NaCl. This fact, together with the markedly decreased levels of both isocitrate dehydrogenases, appears to indicate a change in the metabolic pattern of D. hansenii during salt stress in favor of the glyoxylate cycle, producing the accumulation of succinate. This accumulation may also be responsible for the less marked, but evident increased levels of fumarate. This finding is similar to that of Samokhvalov et al. (2004) during aging in S. cerevisiae and to the balance between both cycles in S. cerevisiae. The increased levels of succinate dehydrogenase, together with the higher levels of succinate, are consistent with a probable role of this enzyme, at least in part, in the higher respiratory activity of the cells grown in the presence of salt. In addition, it must be pointed out that the SDH activity of D. hansenii grown in YPD was higher than that of S. cerevisiae grown under similar conditions.
The activities of GDH and glutamate showed an interesting behavior; the enzyme activity was much lower in the cells grown in the presence of NaCl, but not of KCl. However, neither glutamate nor a-ketoglutarate levels presented significant changes. This may indicate that NAD 1 -GDH is normally present in excess, and that even a large decrease as that observed in the cells grown in NaCl does not result in any change of the levels of both substrates. A similar behavior has been reported by Alba-Lois et al. (2004) regarding the activity of the NADPH 1 -dependent GDH and the levels of glutamate in cells grown in the presence of salt. Another difference between the cells grown with KCl or NaCl was the undetectable presence of citrate in those grown with NaCl, indicating that this intermediary is used faster than it is produced, and not necessarily produced more slowly by the cells. If the latter were the case, one would expect metabolite levels resulting from citrate to be lower, which was not the case.
We do not know its significance, but the impressive difference in the activity of malate dehydrogenase between D. hansenii and S. cerevisiae is worth mentioning.
Incidentally, the remarkably high levels of succinate found in S. cerevisiae under our culture conditions are worth noting. This fact may be related to the participation of this metabolite as an important factor in the acidification of the medium by this yeast, reported long ago by Conway & Brady (1950) .
It should also be taken into account that the levels of intermediaries shown in Table 2 are expressed in terms of mmol g À1 of cells. If the values found for cells grown in 1.0 M KCl or NaCl were calculated according to the actual internal volume of cells during growth in the presence of 1.0 M KCl or NaCl, these differences would still be higher. The activities of the enzymes were measured under the recommended conditions of several authors, which do not take into consideration the actual composition of the internal medium of the cells. Neves et al. (1997) already pointed out that the enzyme sensitivity to salts should be measured using phosphate, and not chloride salts, because the main intracellular anion is phosphate. The experiments not shown to find out whether 35 Cl À enters the cells, with negative results, extend the results of Conway & Downey (1950) and Coury et al. (1999) , who reported that this anion is not taken up by S. cerevisiae. On the other hand, growing D. hansenii in YPD in the presence of 1.0 M NaCl or KCl increased the levels of phosphate by 30% and 50%, respectively. Experiments are on course to define the effects of sodium or potassium phosphate on the activity of some of the enzymes tested. In general, these experimental results point to the capacity of D. hansenii to adjust its metabolism as part of the mechanisms allowing it to contend with saline media at concentrations (1.0 M) even higher than those found for NaCl in sea water, which seem to contribute to its growth and metabolism by modifying its metabolic pathways.
